Members of the cysteine-rich protein (CRP) define a subclass of LIM-only proteins implicated mainly in muscle differentiation. Until now, very little is known concerning the expression of CRP encoding genes during vertebrate development. We describe here the isolation of a trout (Oncorhynchus mykiss) gene encoding a cysteine-rich protein (TCRP) and the pattern of its mRNA accumulation during embryogenesis, focusing on somitogenesis. TCRP encodes a putative protein with two LIM domains linked to a short glycine-rich region that displays 86%, 76%, 67% identity with chicken CRP2, CRP1 and MLP/CRP3 proteins, respectively. Whole-mount in situ hybridisation showed that TCRP transcript is first detected just before somitogenesis in the paraxial mesoderm, while it is absent in the axial structures. During somitogenesis, the expression of TCRP was observed caudally in the elongating presomitic mesoderm and in the last formed somites. The labelling for TCRP was found to fade as the somites mature. At the end of the somitogenesis, TCRP transcripts accumulation was restricted to pronephros and branchial arches.
Members of the cysteine-rich protein (CRP) family are characterised by the presence of two tandemly arrayed LIM domains linked to a short glycine-rich motif. The LIM domains are thought to be involved in the control of gene expression and cell differentiation (Dawid et al., 1995) , and have been described as specific adapter elements that promote protein-protein interactions with identical or different LIM domains and with other protein motifs (Dawid et al., 1998) . Three members of the CRP family (CRP1, CRP2 and CRP3) have been characterised in vertebrates (Liebhaber et al., 1990; Weiskirchen and Bister, 1993; Arber et al., 1994) and recently two Drosophila CRP-related members Mlp60A and Mlp84B have been described (Arber et al., 1994; Stronach et al., 1996) . The patterns of expression of CRPs suggest that they are mainly implicated in muscle differentiation: CRP1 is most prominent in tissues rich in smooth muscle and its expression levels increases dramatically during smooth muscle maturation (Crawford et al., 1994) ; CRP2 accumulates preferentially in vascular smooth muscle cells (Jain et al., 1996; Louis et al., 1997) and MLP/CRP3 is detected exclusively in skeletal and cardiac muscle, appearing during the early stages of terminal differentiation (Arber et al., 1994) . Similarly, Mlp60A and Mlp84B transcripts accumulate in developing musculature of Drosophila (Arber et al., 1994; Stronach et al., 1996) . Functional assays indicate that MLP/CRP3 and CRP1 promote both myogenic differentiation when overexpressed in C2C12 cells (Arber et al., 1994) . Conversely, disruption of the MLP/CRP3 gene results in mice exhibiting defects in both striated and cardiac muscle structure and function (Arber et al., 1997) . Pomies et al. (1997) have proposed that CRPs may function as a regulator of myogenesis by virtue of their ability to interact with a-actinin present in the myofibrils. Additionally, Kong et al. (1997) showed that a specific interaction between the first LIM motif in MLP/CRP3 and the bHLH region of the myogenic regulator MyoD enhances the activity of MyoD. Taken together, these data from studies in both vertebrates and invertebrates lend credence to the hypothesis that CRPs are involved in promotion or maintenance of (Weiskirchen et al., 1995) . The conserved Cys and His residues of the LIM domains are boxed. The glycine residues of the glycine-rich regions are marked with an arrow. The potential nuclear localisation signal is underlined. horizontal section through the caudal part of the embryo; labelling is observed both in presomitic mesoderm and in the adjacent lateral mesoderm. Stage 12 embryo: (E) transverse section within a somite pair; developing somites and lateral mesoderm are labelled. Stage 13 embryo: (F) lateral view, (G) sagittal section; TCRP is transcribed in the advancing presomitic mesoderm and in the last formed somites (arrowheads). Stage 15 embryo: (H) lateral view, the embryo was hand detached from the yolksac; TCRP is expressed in the caudal-most part of the embryo, near the tail bud and in the anterior portion of the pronephric ducts (arrowhead), (I) transverse section showing the labelling within the pronephric ducts. Stage 20: (J) lateral view; the segmentation is complete, TCRP was no longer detected in the myotome but was present in the pronephros (arrow) and developing gills (arrowhead), the faint labeling in the brain was aspecific as demonstrated by the sense riboprobe, (K) sagittal section (dorsal upwards and rostral to the left) through the developing gills; TCRP labeling was present in anteroventral part of each branchial arches. pm, presomitic mesoderm; lm, lateral mesoderm; kv, Kupffer's vesicle; my, myotome; n, notochord; nt, neural tube; tb, tail bud. Scale bars: A = 180 mm; B,C = 200 mm; D = 50 mm; E,K = 20 mm; F,H = 300 mm; G = 125 mm; I = 85 mm; J = 380 mm. muscle differentiation. However, in vertebrates, the expression of genes encoding CRP family members have not been studied during early development. Here, we report the isolation of a member of the CRP family from trout (Oncorhynchus mykiss) and we illustrate its expression pattern during development.
The screening of a trout muscle cDNA library with the rat MLP/CRP3 cDNA yielded six overlapping clones that originated from a single gene. The longest cDNA was 826 nucleotides long and was found to contain an open reading frame encoding a protein of 192 amino acids in length that is 76% identical to chicken CRP1, 86% to chicken CRP2 and 67% to chicken MLP/CRP3 (Weiskirchen et al., 1995) . Since there was a major phase of gene duplication close to vertebrate origin (Holland et al., 1994) , it is likely, as in mammals, that multiple CRP-related genes are present in fish genome. Because at this point the identification of fish CRP sequences is still incomplete, the true relation of the protein encoded by our clone to mammalian CRP remains to be established. Therefore, we have called the trout CRP protein simply TCRP. TCRP contains two LIM fingers followed by a glycine-rich region (Fig. 1) . Partially overlapping the first glycine-rich region, a putative nuclear targeting signal like those found in CRP family members was identified. In situ hybridisation on whole embryos using the digoxigenin-labelled probes indicated that TCRP transcript was first detected in mid gastrula (stage 10A according to Ballard staging (Ballard, 1973) ) in two clusters of cells on either side of the elongating embryonic shield, but no labelling was observed in axial structures ( Fig.  2A) . During somitogenesis, the embryo elongates along the anteroposterior axis and somites appear in a sequential manner from anterior to posterior. At the beginning of somitogenesis, TCRP mRNA was present within the unsegmented presomitic mesoderm and in the neoformed somites (Fig. 2B,C) . Horizontal and transverse sections showed that TCRP mRNA was also present in the lateral mesoderm which is immediately adjacent to the first developing somites (Fig. 2D,E) . As somitogenesis proceeded (up to stage 20), TCRP transcript was visualised in the caudal position within the elongating presomitic mesoderm and in the most recently formed somites (Fig. 2F,G,H) as well as in the anterior portion of the pronephros (Fig. 2H,I ). The level of TCRP transcript became lower during the maturation of the somites (Fig. 2G) . In contrast to TMyoD expression that initially begins in the adaxial cells in two bilateral rows of segmental plate mesoderm and later extends laterally within developed somites, TCRP expression was visualised in all the cells contained in the presomitic mesoderm (Fig. 3) . Finally, at the end of somitogenesis, when the myotomes acquired their characteristic chevron shape, the labelling for TCRP could no longer be detected in the myotomal musculature but clearly persisted in the pronephros (Fig. 2J) and was faintly present in anteroventral subdomain of branchial arches (Fig. 2J,K) .
cDNA cloning and sequencing. A lgt-10 cDNA library constructed from poly(A + ) RNA from skeletal muscle of a 4 g rainbow trout (Oncorhynchus mykiss) alevin was probed at low stringency (Sambrook et al., 1989) with the fulllength rat MLP/CRP3 cDNA (Arber et al., 1994) . The cDNAs yielded were subcloned into Bluescript II (Stratagene) and sequenced.
Whole-mount in situ hybridisation. After appropriate linearisation of the plasmid that contained the full-length TCRP cDNA or a 1.1 kb EcoRI fragment of TMyoD cDNA (Rescan et al., 1994) , sense and anti-sense RNA probes were generated using bacteriophage T3 or T7 RNA polymerase in the presence of digoxigenin-11-UTP* (Boehringer). Hybridisation of whole-mount embryos that were hand-dechorionated was done according to established procedures (Schulte-Merker et al., 1992) with minor modifications. High hybridisation temperature (65°C) and stringent washing conditions (final washes: 0.2 × SSC at 55°C, 2 × 15 min) were chosen to prevent possible cross-hybridisation with related mRNA.
Histological methods. Following in situ hybridisation, embryos were preserved in PBS/azide 0.1% at +4°C. For histological examinations, embryos were dehydrated, embedded in paraffin and 10-mm sections were cut. Sections were mounted in Eukitt (Prolabo). 
